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[57] ABSTRACT 

In a phase locked loop circuit which includes a variable 



frequency oscillator, a reference signal oscillator, a 
phase comparator for detecting the phase difference 
between the output signals of the reference signal oscil- 
lator and the variable frequency oscillator, respectively, 
and a low pass filter supplied with the output of the 
comparator so as to provide a corresponding DC volt- 
age for controlling the variable frequency oscillator, 
and in which the variable frequency oscillator is manu- 
ally changed, as by a variable capacitor, so that the 
frequency thereof is an integral multiple of the fre- 
quency of the reference signal oscillator; a control sig- 
nal generating circuit is provided to detect the DC 
voltage from the low pass filter and to produce a con- 
trol signal when the DC voltage is outside a predeter- 
mined voltage range, with the control signal being ap- 
plied to the variable frequency oscillator so as to vary 
the frequency thereof outside of the lock range of the 
phase locked loop toward the capture range thereof 
until the next succeeding phase locking state is obtained 
In one embodiment of the invention, the control signal 
is used also to control an audio muting circuit, for exam- 
ple, in the transmitting path of a radio receiver in which 
the phase locked loop circuit is used as a local oscillator. 

7 Claims, 37 Drawing Figures 
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nating the unlocking state of the phase locked loop is 
PHASE LOCKED LOOP CIRCUIT produced from the DC voltage of a low pass filter, and 

in which such control signal is used to control a variable 
frequency oscillator and a muting control signal is pro- 
BACKGROUND OF THE INVENTION 5 duced from the control signal. 

1. Field of the Invention In accordance with an aspect of this invention, in a 
This invention relates generally to a phase locked phase locked loop circuit which includes a variable 

loop circuit, and more particularly is directed to a phase frequency oscillator, a reference signal oscillator, a 
locked loop circuit which has no unlocking state. phase comparator supplied with the output signals of 

2. Description of the Prior Art 10 the variable frequency oscillator and the reference sig- 
In the prior art, phase locked loop circuits have been nal oscillator, respectively, and detecting a phase differ- 

provided which comprise a variable frequency bscilla- ence therebetween, and a low .pass filter supplied with 
tor, a reference signal oscillator, a phase comparator the output of said phase comparator to provide a corre- 
and a low pass filter. If such a phase locked loop circuit sponding DC voltage for controlling the variable fre- 
ts employed in a local oscillation circuit of an FM radio 15 quency oscillator so as to phase-lock the phase thereof 
receiver, the receiver's receiving property or the stabil- into the phase of said reference signal oscillator, and in 
ity thereof is improved with less frequency drift due to which the frequency of the variable frequency oscilla- 
temperature variation or time lapse. tor is varied manually in such a way that the frequency 

Such phase locked loop circuits are of two types, in thereof is equal to an integral multiple of the frequency 
one of which a 1/N frequency divider is employed for 20 of the reference signal oscillator; said phase locked loop 
varying the frequency of the variable frequency oscilla- circuit is further provided with a circuit for detecting 
tor, and in the other of which a manually variable ca- the DC voltage from the low pass filter, a circuit for 
pacitor is used for the same object. Recently, since the generating a control signal when the DC voltage ex- 
phase locked loop circuits using a 1/N frequency di- ceeds a predetermined value for example, is outside a 
vider are complicated in circuit construction and, 25 predetermined voltage range, a circuit for combining 
hence, relatively costly, the phase locked loop circuits the DC voltage and the control signal, and a circuit for 
using a manually variable capacitor are becoming in- controlling the frequency and phase of the variable 
creasingly popular. frequency oscillator in response to the output signal of 

In phase locked loop circuits of the type in which the the combining circuit in such a way that the frequency 
frequency / s of the variable frequency oscillator is var- 30 of the variable frequency oscillator is varied outside of 
ied by a variable capacitor, if the frequency of the refer- the lock range of the phase locked loop and toward the 
ence signal oscillator island the order of high harmon- capture range of the phase locked loop until the next 
ics is N, the frequency / s is expressed asf s =N-f R . Thus, succeeding phase locking state is obtained, 
a desired frequency for local oscillation is obtained by In accordance with a feature of the present invention, 
selecting the order N by means of the variable capaci- 35 the phase locked loop circuit, as previously character- 
tor ized, is associated with a signal transmitting path, a 

With the above described prior art phase locked loop muting circuit is provided in said signal transmitting 
circuit, when the relation {f c +fd</R * established path for interrupting the signal transmission therein, and 
between the lock range /jr of the phase locked loop, its a muting control signal detecting circuit adapted to 
capture range f c and the frequency f R of the reference 40 control the muting circuit and being connected to the 
signal oscillator, an unlocking state may be encountered control signal generating circuit; and the control signal 
at a predetermined position of the variable capacitor. generating circuit comprises a pair of Schmitt trigger 
When such an unlocking state occurs, an unnecessary circuits connected to the low pass fdter and producing 
and undesirable noise is produced in the output of the a control pulse signal when the DC voltage from the 
receiver. 45 low P* 83 fflter is outside predetermined voltage 

Although a receiver which employs the prior art range, with the muting control signal detecting circuit 
phase locked loop circuit in its local oscillation circuit being connected to output terminals of the Schmitt 
has been provided with a muting circuit for efoninating trigger circuits. 

a noise between broadcasting stations, such existing The above, and other objects, features and advan- 
receiver does not provide a circuit for positively detect- 50 tages of the present invention, will become apparent 
ing a muting control signal for the muting circuit. from the following description which is to be read in 

_ conjunction with the accompanying drawings, 

OBJECTS AND SUMMARY OF THE 

INVENTION BRIEF DESCRIPTION OF THE DRAWINGS 

Accordingly, an object of the present invention is to 55 FIG. 1 is a block circuit diagram showing a prior art 
provide an improved phase locked loop circuit which is phase locked loop circuit; 

free of the above problems encountered in the prior art FIGS. 2 and 3 are graphs to which reference will be 
Another object of the invention is to provide a phase made in explaining the operation of the circuit shown 
locked loop circuit which avoids the occurrence of the on FIG. 1; 

unlocking state, 60 FIG. 4 is a block circuit diagram showing a phase 

A norther object is to provide a phase locked loop locked loop circuit according to an embodiment of the 
circuit, as aforesaid, in which from the DC voltage of a present invention; 

low pass filter used in the phase locked loop there is FIG. 5 is a circuit diagram showing a control circuit 
obtained a control signal for eliminating the unlocking included in the phase locked loop circuit of FIG. 4; 
state and also for controlling a variable frequency oscil- 65 FIGS. 6A to 6G and FIGS. 7A to 7G are waveform 
lajoj. diagrams to which reference will be made in explaining 

A still further object is to provide a phase locked loop the operation of the embodiment of the invention 
circuit, as aforesaid, in which a control signal for elimi- shown on FIGS. 4 and 5; 
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FIGS. 8 and 9 are circuit diagrams showing another between/^ and /so long as the latter is in the range of 

™mrf 5?A°f VC ^f ^ a / < /sl + A- This output voltage is supplied through 

FIGS>. 10A to 10H and FIGS. 11A to 11H are wave- low pass filter 4 and control signal input terminal If to 

form diagrams to which reference will be made in ex- variable capacity diode Id to decrease its backward 

™ operation of the embodiment shown on 5 bias. As a result, the composite capacity Q including 

9 ' the variable capacitance diode Id increases to keep the 

DESCRIPTION OF THE PREFERRED capacity (Cj+Cy constant, and hence the oscillation 

EMBODIMENTS frequency of the variable frequency oscillator 1 is kept 

n ftfAwa j^^-u; *v . » , constant at/^, as shown on FIG. 2. 

Before describing the present invention, an example 10 n« *t. - , , 

of a prior art phase locked loop circuit will first be la °£ f*? " pacity of vanable capacitor 

described with reference to FIGS. 1 to 3. U 18 80 " to r decreflSe the oscillation fre- 

In the phase locked loop circuit shown on FIG. 1, a S^ 7 ^ ^^"^ oscillator 1 from/ SI> 

variable frequency oscillator 1 of the voltage controlled T P n ^ phaSC ™ m P*r* tor 2 a 

type is shown as a resonance circuit of a Colpitis type 15 ne f ? V ° V< ? gC m ^P 0 "^ to . *e difference between/ 
transistor oscillator (not shown) and which includes a *** fsL ™ lo " s M osci ^ on frequency / is in the 
parallel circuit of a variable capacitor la, a coil lb and I^ 6 °* f r >/* ~ /j > ^ output volta S e of comparator 
a series circuit of a capacitor 1c, a variable capacitance ? 18 agam fed h* 011 ^ low P*** filter 4 and control signal 
or capacity diode Id and a capacitor le. The anode of mput tcnnmal V to variable capacitance diode Id to 
the variable capacity diode Id is connected to a control 20 mcrease lts backward bias - As a resu It, the composite 
signal input terminal 1/ capacity Q including the variable capacitance diode Id 

If it is assumed that the capacitance or capacity of the is decreased to make the capacity (Q+Cj) constant and 
variable capacitor la is C u that the inductance of the to kee P ihe oscillation frequency of the variable fre- 
coil lb is L, and that the composite capacity or capaci- quency oscillator 1 constant at/ sl , as shown on FIG. 3. 
tance of the series circuit of the capacitor lc, variable 25 In ^ event ***** ^ Iockin g stat ^ is changed from 
capacity diode Wand capacitor le is C2, the oscillation /si=^V'r//iW= 1,2,3, . . . ) toJ^CiV, + \)f R or to/53 = 
frequency f s of the variable frequency oscillator 1 can Wr* witil ^ condition/^ + f c <fx being main- 

be expressed by the following equation (1): tained in the phase locked loop circuit, unlocking states 

occur between the respective locking states as shown 

1 (i) 30 on FIGS. 2 and 3. In the unlocking state, the oscillation 

2ir Nl(c, + a) frequency of the phase locked loop circuit becomes the 

1 free running frequency of the variable frequency oscil- 

Hie oscillation frequency signal from the variable ! u ?'!^ 
frequency oscillator 1 is supphed through its output X/l^^i^ " by *l ***** 

terminal tg to one input terminal 2a of a phase compara- 35 lock^ loop circuit an unnecessary noise may be pro- 

tor 2 of the phase locked loop, whikanother mput d ^*S Ja *P d ?£ T' 1 1 • • • « 
tenninal 2b of comparator 2 is supplied with a reference , If *5 ^**f** P h <* e ? ock ? d loop cu^it * G, 
signal from a reference signal oscillator 3, for example, f jT? ^ established. Thus, by changing the total gam G, 
constituted by a quartz oscillator or the like. The output ™ 1 „ range " to eliminate the unlocking 
signal from the phase comparator 2 is fed through a low 40 St ?* e * How , ever ' * the total gain G is changed, all the 
pass filter 4 to the control signal input terminal 1/of the ot T r . consta ^ tSj such ?» ^ cap^e """m noise char- 
variable frequency oscillator 1 actenzmg and so on, of the phase locked loop circuit are 

In the above phase locked loop circuit, if it is assumed ch **&d™* such is not desirable, 

that the oscillation frequency of the reference signal ™? embodiment of a phase locked loop circuit ac- 

oscillator 3 is/*, the following general relation is estab- 45 ™ T( \ m ? t0 ™e present mvention, and which is free of 

lished between the oscillation frequency f s of variable ? e .f*? 8 of ^ pnor m descril >ed above, will now be 

frequency oscillator 1 and the oscillation frequency f R descr ?bed Wlth reference to FIGS. 4 and 5, in which the 

for a locking state: circuit elements corresponding to those described with 

reference to FIG. 1 are identified by the same reference 

fs~N-fRW~ MA...) 50 numerals and a detailed description thereof will be 

omitted for the sake of brevity. 

This locking state will be explained with reference to In the embodiment of the invention shown generally 

the graphs of FIGS. 2 and 3, in which the ordinates on FIG. 4, the output voltage signal from the low pass 

represent an oscillation frequency /of the variable fre- filter 4 is fed to an input terminal 5a of a control circuit 

quency oscillator 1 when no control signal is fed to its 55 5 providing an output voltage signal at an output termi- 

control signal input terminal 1/and the abscissas repre- nal $b which is applied to the control signal input termi- 

sent the capacitance or capacity variation of the van- nal 1/of the variable frequency oscillator 1. The input 

able capacitor la, with ±/ L being the lock range and ± and output terminals 5a and Sb of control circuit 5 are 

f c being the capture range. further shown to be connected through a resistor 6. 

In the locking state, when the oscillation frequency/ 60 In the control circuit 5, as shown particularly on 

of the variable frequency oscillator 1 perfectly coin- FIG. 5, the output voltage from low pass filter 4 is 

cides with a frequency f 5U the output voltage of phase supplied from input terminal 5a to Schmitt trigger cir- 

comparator 2 is zero. If the variable capacitor la is cuits 5c and 5rf, respectively. In this embodiment, the 

varied, for example, manually, so as to decrease the output voltage from Schmitt trigger circuit 5c is nor- 

capacity thereof, and hence the oscillation frequency / 65 mally the ground potential, but becomes a predeter- 

of the variable frequency oscillator 1 is increased from mined positive potential when its input voltage exceeds 

fsi, the output voltage of the phase comparator 2 be- a predetermined threshold voltage thereof, while the 

comes a positive voltage in response to the difference output voltage of the other Schmitt trigger circuit 5a" is 
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normally the ground potential but becomes a predeter- able capacitance diode Id increases abruptly and hence 

mined threshold voltage thereof, as will be described its capacity is decreased. As a result, the phase locked 

below. loop circuit attains its unlocking state. In this case, since 

When the input voltage to control circuit 5, that is, to the oscillation frequency f s of the variable frequency 

Schmitt trigger circuits 5c and Sd, is within a predeter- 5 oscillator 1 is determined by equation (1), this oscilla- 

mined voltage range, these circuits 5c and Sd are inoper- tion frequency f s increases. If the increased oscillation 

ative, and hence control circuit 5 is also inoperative. frequency f s is within the capture range for the fre- 

Thus, the output Voltage from low pass filter 4 is fed quency fa the phase locked loop circuit is brought into 

through the resistor 6 to control signal input terminal 1f the locking state at the frequency/^ as shown in FIG. 

of the variable frequency oscillator 1, 10 GG. t 

The output voltage of Schmitt trigger circuit 5c is Conversely, if the capacity or capacitance of variable 
supplied through a capacitor 5ft which forms a differen- capacitor la is increased to change the locking state at 
tiation circuit, to an inverse amplifier 5/ whose output . frequency fsx to that at frequency Aj, the output voltage 
voltage is supplied through a capacitor 5g. which also of low pass filter 4 is decreased. In this case, when the 
forms a differentiation circuit, to the base of an NPNr 15 output voltage of low pass filter 4 is decreased below 
type transistor Sk The base and emitter of transistor 5A the threshold value of Schmitt trigger circuit Sd, as 
are respectively connected through a resistor 5/ and a shown at J on FIG. 7A, the output voltage of Schmitt 
resistor Sj to a negative power supply tenninal Sk which trigger circuit Sd is lowered from the ground potential 
is supplied with a negative DC voltage of, for example, to a negative potential as shown on FIG. 7B. This out- 
-15V. The collector of transistor Sh is connected 20 put voltage of Schmitt trigger circuit Sd is differentiated 
through a resistor 5/ to output terminal 5& Similarly, by capacitor 5m and the resulting differentiated voltage 
the output voltage of the other Schmitt trigger circuit (FIG. 7Q is fed to the input terminal of inverse ampli- 
Sd is fed through a capacitor 5m, which forms a differ- fier Sn. The output voltage of inverse amplifier 5/i (FIG. 
entiation circuit, to an inverse amplifier Sn whose out- 7D) is differentiated by the differentiation circuit 
put is connected through a capacitor So, which also 25 formed of capacitor So and resistor 5$ so that the volt- 
forms a differentiation circuit, to the base of a PNP-type age applied to the base of transistor Sp has the wave- 
transistor 5^ The base and emitter of transistor Sp are form shown on FIG. IE. The transistor Sp is turned ON 
respectively connected through a resistor 5? and a resis- during only the time interval in which its base potential 
tor 5r to a positive power supply terminal 5s which is is negative. Thus, the potential at the output terminal Sb 
supplied with a positive DC voltage of, for example, 30 rises to the positive voltage applied to the positive 
+ 15 V. Finally, the collector of transistor Sp is shown to power supply terminal 55 at the time K and thereafter 
be connected to the collector of transistor Sk returns to its original value, as shown in FIG. 7F. 

The above described control circuit 5 operates as The positive output voltage of control circuit 5 oc- 

follows: curring at the time K is supplied to the control signal 

If the variable capacitor la of the variable frequency 35 input terminal %fof variable frequency oscillator 1 and 

oscillator 1 is varied to decrease its capacity and the negative output voltage of the low pass filter 4 is 
thereby change the locking state from the frequency also fed through resistor 6 to the control signal mput 

to the frequency /a, the output voltage from low pass terminal If Since the positive output volage of the 

filter 4 increases. When this increased output voltage control circuit 5 is fed to input terminal 1/in supenm- 

exceeds the threshold value of the Schmitt trigger cir- 40 posed relation to the negative output voltage of low 

cuit 5c at the time H on FIG. 6A, the output voltage of pass filter 4, the backward bias voltage of variable ca- 

Schmitt digger circuit 5c is changed to a predetermined pacitance diode Id is decreased abruptly and its capac- 

positive potential from the ground potential, as shown ity is increased. As a result, the phase locked loop cir- 

in FIG. 6B. This output voltage of Schmitt trigger cuit is brought into an unlocking state. In this case, since 

circuit 5c is differentiated by capacitor 5c and the result- 45 the oscillation frequency f s of the variable frequency 

ing differentiated voltage (FIG. 6C) is fed to the input oscillator 1 is deterrnined by equation (1), the oscillation 

tenninal of inverse amplifier 5/ Then, inverse amplifier frequency f s is decreased. If this decreased oscillation 

5/ produces an output voltage (FIG. GD) which is dif- frequency/ 5 is within the capture range of the frequency 

ferentiated by the differentiation circuit formed of ca- fa, the phase locked loop circuit is brought into a lock- 
pacitor Sg and the resistor 5/, and the resulting voltage 50 ing state at the frequency /sj, as shown on FIG. 7G. 

(FIG 6E) applied to the base of transistor 5A. The tran- As described above, in the phase locked loop circuit 

sistor 5A is turned ON during the time interval in which according to the invention, its apparent lock range can 

its base potential is positive. Thus, as shown in FIG. 6F, be changed to eliminate the unlocking state without 

the potential at the output terminal 5* falls approxi- varying the total gain G by suitably selecting the thresh- 
mately to the negative voltage which is supplied to the 55 old voltages of the Schmitt trigger circuits 5c and Sd m 

negative power supply terminal Sk at the time I when control circuit 5. 

transistor Sh is turned ON, and thereafter returns to the By way of example, it has been ascertained that, if the 
original value oscillation frequency of reference signal oscillator 3 is 
As described above, the output voltage (FIG. 6F) at 100 KHz and the lock range +A is selected to be more 
output terminal Sb of control circuit 5 is supplied to the 60 than 50 KHz, the unlocking state can be avoided, 
control signal input terminal tfof variable frequency Accordingly, when the phase locked loop circuit 
oscillator 1 as a control signal, and the output voltage of according to this invention is used in an FM radio re- 
low pass filter 4 is also applied through resistor 6 to the ceiver so as to produce a local oscillation frequency 
control signal mput tenninal If Since the negative out- signal of its tuner, respective stations can be received 
put voltage of control circuit 5 occurring at the time I 65 continuously. Since the local oscillation frequency sig- 
(FIG. 6F) is supplied to control signal input tenninal If nal is not brought into an unlocking state between the 
in superimposed relation to the positive output voltage respective stations, the production of undesired noise is 
of low pass filter 4, the backward bias voltage of van- avoided. 
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Another embodiment of the present invention will transistor 56 is connected through a resistor 5y to the 

now be described with reference to FIGS. 8 and 9 in negative power supply terminal SL The cathode of a 

which the elements having the same functions as those diode 13 is connected to the collector of transistor 10a, 

described with reference to FIGS. 4 and 5 are identified and the anode of diode 13 is connected through a resis- 

by the same reference numerals, and the detailed de- 5 tor 18 to positive power supply terminal 55 and through 

scription of such elements will be omitted for the sake of a resistor 14a to the base of a PNP-type transistor 15a. 

simplicity. This transistor 15a is connected, at its emitter, to posi- 

In the phase locked loop circuit shown on FIG. 8, the tive power supply terminal Ss, at its collector, to the 

output signal or voltage of the low pass filter 4 is fed to ground through a resistor 16 and also to the muting 

the input terminal 5a of the control circuit 5, and the 10 signal output terminal 15c 1 which is, in turn, grounded 

output voltage obtained at the output terminal 56 of through a capacitor 19. When the potential at the mut- 

control circuit 5 is fed to the control signal input termi- ing signal output terminal 5c' is a predetermined posi- 

nal V*of the variable frequency oscillator 1, as before. tive voltage, the primary side of coil L for driving the 

Moreover, the input and output terminals 5a and 56 of speaker SP is short-circuited through switch S (FIG. 8) 

control circuit 5 are connected through the resistor 6. In 15 which is actuated by a well known relay driving circuit 

FIG. 8, there is further provided a muting signal detec- (not shown). 

tor 20 for detecting a muting signal from the output Similarly, the output voltage of the other Schmitt 
signal of control circuit 5, and the detector 20 has a trigger circuit 5o* is fed through a capacitor Sm to the 
muting signal output terminal 5c # which is connected to base of a PNP-type transistor 10* which will form an 
a relay driving circuit (not shown). When the potential 20 inverse amplifier Sn. The base of transistor 106 is also 
at the muting signal output terminal 5c* is a predeter- connected through a resistor 116, which with capacitor 
mined positive voltage at a time indicated at H on FIG. Sm forms a differentiation circuit, to the ground, and 
10A, the primary side of a coil L, which drives a the collector of transistor 106 is connected through a 
speaker SP, is short-circuited by a switch S which is resistor 12b to the negative power supply terminal Sk. 
controlled by a relay (not shown) to cut off the signal 25 The collector voltage of transistor 10b is fed through a 
path of an audio signal supplied to a terminal t for a capacitor So to the base of a PNP-type transistor Sp. 
radio receiver (not shown). Thus, the audio output is The base and emitter of transistor Sp are respectively 
short-circuited so as to prevent a noise from being re- connected through a resistor Sq and a resistor 5r to the 
produced by speaker SP when the local oscillation fre- positive power supply terminal Ss, Capacitor 5a and 
quency signal is being changed or switched. 30 resistor Sq form a differentiation circuit for the collector 
The control circuit 5 and the muting signal detector voltage of transistor 10b. The collector of transistor Sp 
20 will now be described in detail with reference to is connected through resistor 5/ to the output terminal 
FIG. 9, in which the output voltage of low pass filter 4 Sb. Further, the collector of transistor 10b is connected 
is shown to be fed through input terminal 5a of control through a resistor 146 to the base of an NPN-type tran- 
circuit 5 to both the Schmitt trigger circuits 5c and 5d, 35 sistor 156 whose base is connected through a resistor 17 
respectivey. The Schmitt trigger circuit 5c is selected so to negative power supply terminal Sk and whose emit- 
that its output voltage is normally of the ground poten- ter is directly connected to terminal Sk. The collector of 
tial but becomes a predetermined positive potential transistor 156 is connected through a resistor 34 to the 
when its input voltage exceeds a predetermined thresh- anode of diode 13. 

old voltage thereof, while the other Schmitt trigger 40 The operation of the embodiment of the invention 

circuit 5d is selected so that its output voltage is nor- shown on FIGS. 8 and 9 will now be described with 

mally of the ground potential but becomes a predeter- reference to FIGS, 10A to 10H and FIGS. 11A to 11H. 

mined negative potential when its input voltage be- When the capacity or capacitance of variable capacitor 

comes lower than a predetermined threshold voltage la in the variable frequency oscillator 1 is decreased to 

thereof which will be described later. Therefore, when 45 change the locking state of the frequency f sx to that of 

the input voltage to control circuit 5 is within a prede- the frequency ^ the output voltage of low pass filter 4 

termined range, both Schmitt trigger circuits 5c and Sd is increased, in this case, if the output voltage of low 

are inoperative and, hence, control circuit 5 is inopera- pass filter 4 exceeds the threshold voltage of Schmitt 

tive. In that case, only the output voltage of low pass trigger circuit 5c at the time H on FIG. 10A, the output 

filter 4 is supplied through resistor 6 to control signal 50 voltage of Schmitt trigger circuit 5c is changed to the 

input terminal 1/of the variable frequency oscillator 1. predetermined positive potential from the ground po- 

The output voltage of Schmitt trigger circuit 5c is fed tential, as shown on FIG. 10B. This positive potential is 

through a capacitor Se to the base of an NPN-type differentiated by capacitor 5c and resistor llo, and the 

transistor 10* which forms an inverse amplifier 5/ The resulting differentiated voltage (FIG. 10C) is supplied 

base of transistor 10a is grounded through a resistor 11a 55 to the base of transistor 10a. As a result, the collector 

which, with capacitor Se, forms a differentiation circuit, voltage of transistor 10a is shown on FIG. 10D. This 

and the collector of transistor 10a is connected through collector voltage is differentiated by the differentiation 

a resistor 12a to a positive power supply terrninal Ss circuit formed of the capacitor Sg and resistor Si and the 

which is supplied with a positive DC voltage of, for resulting differentiated voltage (FIG. 10E) is fed to the 

example, + 15 V. The collector voltage of transistor 10a 60 base of transistor 56. The transistor Sh is turned ON 

is fed through a capacitor Sg to the base of an NPN-type during only time interval in which the base potential 

transistor 56 whose base is connected through a resistor thereof (FIG. 10E) is positive, and hence the potential 

5/ to a negative power supply terminal Sk which is at output terminal 56 (FIG. 10F) falls to the negative 

supplied with a negative DC voltage of, for example, voltage applied to the negative power supply terminal 

- 15 V. Capacitor Sg and resistor 5/ form a differentia- 65 Sk at the time I and thereafter returns to the original 

tion circuit for the collector voltage of transistor 10a. potential. 

The collector of transistor 56 is connected through a When the collector voltage of transistor 10a is re- 
resistor 5/ to output terminal Sb, and the emitter of duced to ground potential at the time H, as shown on 
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FIG. 10D, the base potential of transistor 15a is lowered fag signal output terminal 5c* is discharged with a time 
due to the voltage drop across resistor 18, and hence constant determined by capacitor IS and the input im- 
transistor 15o is turned ON. As a result, Jhe collector pedance of the relay driving circuit connected to the 
potential of transistor 15a becomes the positive poten- muting signal output terminal 5c, as shown on FIG. 
tial at positive power supply terminal & After transis- 5 11H. When the potential at muting signal output termi- 
tor 15a is turned OFF at the time I, the voltage at mut- nal 5c" becomes equal to, or greater than the predeter- 
ing signal output terminal 5c* is discharged as shown on mined positive voltage indicated by the dotted line on 
FIG 10H. with a time constant determined by resistor FIG. 11H. the primary side of coil L for driving speaker 
16 capacitor 19 and the input impedance of the relay SP is short-circuited by switch S (FIG. 8). Therefore, 
driving circuit which will be connected to the muting 10 once again the audio output as well as any noise are 
signal output terminal 5c'. When the potential at muting short-circuited when the local oscillation frequency 
signal output terminal 5c* is equal to, or greater than a signal is changed or switched, 
predetermined positive voltage indicated by the dotted As before, the control signal input tenmnal If of 
line on FIG. 10H, the primary side of coil L for driving variable frequency oscillator 1 is supplied with the out- 
the speaker SP (FIG. 8) is short-circuited by switch S. 15 put voltage of control circuit 5 and also with the output 
For this reason, when the local oscillation frequency voltage of low pass filter 4 through resistor 6 in super- 
signal is changed or switched, the audio signal as well as imposed relation with each other, so that the bias volt- 
anynoise are short-circuited or suppressed. age across variable capacitance diode td in the back- 

As previously described, the output voltage of con- ward direction is decreased rapidly and hence its capac- 
trol circuit 5 is applied to control signal input terminal 20 itance increases. Therefore, the osculation frequency f s 
If of variable frequency oscillator 1, and the output of variable frequency oscillator 1, as expressed by equa- 
voltage of low pass filter 4 is also applied, through tion (1), is decreased. When the lowered oscillation 
resistor 6, to the same control signal input terminal %f. frequency of variable frequency oscillator 1 falls within 
Since the output voltage of control circuit 5 is fed to the the capture range at the locking state of the frequency 
control signal toput terminal tfin superimposed relation 25 f a , the phase locked loop circuit of the present lnven- 
to the outout voltage of low pass filter 4, the bias volt- tion is brought into the locking state for the frequency 
age across variable capacitance diode U in the back- as shown on FIG. 11G. Thereafter, the short-ar- 

ward direction increases abruptly and hence its capaci- cutting of the audio signal by the switch S is discontin- 
tance is decreased. As a result, the oscillation frequency ued. . 
/iof variable frequency oscillator 1 is increased. If the 30 As described before, in the phase locked loop circuit 
increased osculation frequency of variable frequency of FIGS. 8 and 9, the apparent lock range can be 
oscillator 1 is within the capture range for the frequency changed to remove the unlocking state without varying 
f„ the phase locked loop circuit of FIGS. 8and9is itstotalgainGby suitably selecting the threshold volt- 
brought into the locking state at the frequency as ages of the Schmitt trigger circuits 5c and 54 respec- 
shown on FIG. 10G. Thereafter, the short-circuit state 35 tively. Further, in the embodiment of FIGS. 8 and 9, 
of switch S is released upon changing the locking frequency, the muting signal 

Conversely, when the capacitance of variable capaci- is detected. Accordingly, when the phase locked loop 
tor la is increased to change the locking state from that circuit of FIGS. 8 and 9 is used in an FM radio recei ver 
for the frequency f« to the locking state for the fre- for producing the local oscillation frequency signal of 
quericy /«, the output voltage of low pass filter 4 is 40 its tuner, the FM receiver can receive the respective 
decreased! In such case, if the output voltage is lowered stations continuously with no fear that the local oscdla- 
more than the threshold value of Schmitt trigger circuit tion frequency signal is brought into an unlocking state 
Sd at the time J on FIG. 11A, the output voltage of between the stations and an undesired noise is pro- 
Schmitt trigger circuit Sd is changed to a negative no- duced. , 
tential from the ground potential, as shown on FIG. 45 Further, since the muting signal is detected at the 
11B. This output voltage of Schmitt trigger circuit W is same time that the local oscillation frequency signal is 
differentiated by the capacitor 5m and resistor lib and switched or changed, no noise is produced by operating 
the resulting differentiated output (FIG. UC) is fed to the muting circuit to achieve the muting when the local 
the base of transistor 10& The collector voltage (FIG. oscillation frequency signal is switched. 
11D> of transistor 10ft is differentiated by the differenti- 50 Although illustrative embodiments of the invention 
ation circuit formed of capacitor So and resistor 5? and have been described in detail herein with reference to 
the resulting differential signal (FIG. HE) is fed to the the accompanying drawings, it is to be noted that the 
base of transistor Sp. The transistor Sp is turned ON invention is not limited to those precue embodiments, 
during only the time period in which its base potential is and that various changes and modifications may be 
nemtive Thus, the potential at output terminal 56 55 effected therein by one skilled in the art without depart- 
(FIG 11F) rises to the positive voltage applied to posi- ing from the scope or spirit of the invention as defined 
tive power supply terminal 5s at the time K, and thereaf- in the appended claims. 

ter returns to its original value. When the collector What is claimed is: ..... ... 

voltage of transistor 106 becomes a positive potential, as 1. In a phase locked loop circuit having a variable 
shown on FIG 11D, the transistor lSb, whose base is 60 frequency oscillator, a reference signal oscillator, a 
connected through resistor 146 to the collector of tran- phase comparator supplied with output signals of said 
sister 10b. is turned ON. As a result, a current flows variable frequency oscillator and said reference signal 
through resistors 18 and 34, and the base potential of oscillator, respectively, and detecting a phase difference 
transistor 15a is lowered due to the voltage drop across therebetween to provide a corresponding output signal 
resistor 18 Thus, transistor 15a is turned ON and its 65 and a low pass filter supplied with said output signal of 
collector voltage becomes the positive voltage at the the phase comparator to provide a corresponding DC 
positive power supply tenninal 5* After transistor 15a voltage for controlling the variable frequency oscillator 
SsturnedOFF at Ihe time K, the output voltage at mut- so as to phase-lock the phase of said variable frequency 
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oscillator into the phase of said reference signal oscilla- 
tor, the frequency of said variable frequency oscillator 
being varied manually in such a way that the frequency 
of said variable frequency oscillator equals an integral 
multiple of the frequency of said reference signal oscil- 5 
lator; means for detecting said DC voltage from the low 
pass filter, circuit means for generating a control signal 
when said DC voltage exceeds a predetermined value, 
with said control signal having a polarity different from 
the polarity of said DC voltage from said low pass filter 10 
and with the amplitude of said control signal being 
larger than that of said DC voltage, means for combin- 
ing said DC voltage and said control signal to provide a 
combined output signal, and means for controlling the ^ 
frequency and phase of said variable frequency oscilla- 
tor in response to said combined output signal of said 
combining means in such a way that the frequency of 
said variable frequency oscillator is varied outside of 
the lock range of the phase locked loop and toward the 2 q 
capture range of the phase locked loop until the next 
succeeding phase locking state is obtained: said circuit 
means for generating the control signal including an 
input terminal connected to said low pass filter; first and 
second Schmitt trigger circuits each connected to said 25 
input terminal and supplied with said DC voltage there- 
from so as to produce respective pulse control signals 
when the DC voltage exceeds said predetermined value 
in opposite polarities, respectively; first and second 
differentiating circuits connected to said first and sec- 30 
ond Schmitt trigger circuits and producing respective 
output signals; first and second inverting amplifiers for 
receiving the output signals from said first and second 
differentiating circuits and producing respective phase 
inverted output signals; third and fourth differentiating 35 
circuits connected to said first and second inverting 
amplifiers, respectively, and producing spike-like pulse 
signals at the front and back edges of the respective 
phase inverted output signals; and a transistor switching 
circuit supplied with said spike-like pulse signals from 40 
said third and fourth differentiating circuits so as to 
generate said control signal. 

2. A phase locked loop circuit according to claim 1; in 
which said transistor switching circuit includes 

a positive DC voltage source and a negative DC 
voltage source; 

first and second transistors, each having base, emitter 
and collector electrodes; 

circuit means for connecting the emitter electrodes of 5Q 
said first and second transistors to said positive and 
negative DC voltage sources through first and 
second resistors, respectively; 

circuit means for connecting the base electrodes of 
said first and second transistors to the outputs of 55 
said fourth and third differentiating circuits, re- 
spectively; and 

circuit means for connecting the collector electrodes 
of said first and second transistors to each other 
and to an output terminal from which said control go 
signal is derived. 

3. A phase locked loop circuit according to claim 2; in 
which said means for combining the control signal at 
the output terminal of said transistor switching circuit 
and the DC voltage from said low pass filter includes a 65 
resistor connected between said input and output termi- 
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nals of the circuit means for generating the control 
signal. 

4. In a phase locked loop circuit having a variable 
frequency oscillator, a reference signal oscillator, a 
phase comparator supplied with output signals of said 
variable frequency oscillator and said reference signal 
oscillator, respectively, and detecting a phase difference 
therebetween to provide a corresponding output signal 
and a low pass filter supplied with said output signal of 
the phase comparator to provide a corresponding DC 
voltage for controlling the variable frequency oscillator 
so as to phase-lock the phase of said variable frequency 
oscillator into the phase of said reference signal oscilla- 
tor, and in which the frequency of said variable fre- 
quency oscillator is varied manually in such a way that 
the frequency of said variable frequency oscillator 
equals an integral multiple of the frequency of said 
reference signal oscillator; said phase locked loop cir- 
cuit further comprising means for detecting said DC 
voltage from the low pass filter, circuit means for gener- 
ating a control signal when said DC voltage exceeds a 
predetermined value, means for combining said DC 
voltage and said control signal to provide a combined 
output signal, means for controlling the frequency and 
phase of said variable frequency oscillator in response 
to said combined output signal of said combining means 
in such a way that the frequency of said variable fre- 
quency oscillator is varied outside of the lock range of 
the phase locked loop and toward the capture range of 
the phase locked loop until the next succeeding phase 
locking state is obtained, a signal transmitting path, 
muting circuit means provided in said transmitting path 
and for interrupting the signal transmission therein, and 
muting control signal detecting means adapted to con- 
trol the interruption of signal transmission by said mut- 
ing circuit means; and in which said muting control 
signal detecting means is connected to said circuit 
means for generating the control signal. 

5. A phase locked loop circuit according to claim 4; in 
which said circuit means for generating the control 
signal includes first and second Scmitt trigger circuit 
connected to said low pass filter and producing respec- 
tive control pulse signals when the DC voltage from 
said low pass filter is outside a predetermined voltage 
range, and said muting control signal detecting means is 
responsive to said control pulse signals from said 
Schmitt trigger circuits. 

6. A phase locked loop circuit according to claim 5; in 
which said circuit means for generating the control 
signal further includes first and second differentiating 
circuit for differentiating said control pulse signals from 
said first and second Schmitt trigger circuits, and first 
and second inverting amplifiers for inverting the out- 
puts of said first and second differentiating circuits, 
respectively; and in which said muting control signal 
detecting means is connected to the outputs of said 
inverting amplifiers. 

7. A phase locked loop circuit according to claim 6; in 
which said muting control signal detecting means in- 
cludes first and second transistors which are controlled 
by output pulse signals from said first and second invert- 
ing amplifiers so as to produce a muting control signal 
which has a predetermined time period longer than the 
pulse duration of one of the output pulse signals from 
said inverting amplifiers. 
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